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@ A compact gas discharge tube and a method for Its manufacture. 

(g) A method for producing a compact gas-discharge tube, or 
lamp, comprising at least two U-shaped main tube components 
(13, 13') made of glass. The tube components are joined 
together at one limb in a manner to form a closed, continuous 
discharge chamber provided with electrodes at each outer end 
thereof and provided with a layer of fluorescent substance on 
the inner glass surface thereof. The main tube components are 
joined together by heating an obliquely cut, free limb-end (15) of 
one main tube component (13) and joining this heated end to a 
corresponding, heated end (15') of a further main tube 
component (13'). The resultant connection (31) is formed while 
applying heat and is bent in a manner such as to have a 
U-shaped configuration, substantially devoid of discontinuities. 
The invention also relates to a compact gas-discharge tube of 
this kind in which the free, interai cross-sectional area of the 
connection (21 ) is at least 50 <Vb of the corresponding area of 
the limbs, and in which the glass thickness of the connection is 
at least equal to 50 % of the glass thickness of the limbs. 
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Description 



A compact gas discharge tube and a method for its manufacture. 



The present invention relates to a method for 
producing a compact gas discharge tube of the kind 
which comprises at least two U-shaped main tube 
components which are made of glass and which are 
mutually joined together at one limb thereof, to form 
a closed, continuous gas discharge chamber which 
is provided with electrodes at each outer end thereof 
and which has a layer of fluorescent or luminescent 
material provided on its inner glass surfaces. 

A method and a compact gas discharge tube of 
this kind are known from, e.g., European Patent 
Application 84113977.7. In the case of this known 
discharge tube, or envelope, the ends of those limbs 
in which no electrode is fitted are sealed off prior to 
effecting the connection or juncture between the 

. . . . j • _ >. M « A Mnn+Q Thie* rnnnprtinn 15^ 

two u-snapeo main uOih|jwiicih.s. — — 

effected in a manner similar to that described in 
British Patent Application 2 048 562 A, i.e. the tube 
wall is heated in the proximity of the end of the limb 
of one main component, so as to soften the glass, 
whereafter a tubular collar is blown out from the 
glass wall, perpendicularly thereto. A corresponding 
collar is then produced on the other main compo- 
nent of the discharge chamber in a similar manner, 
and the two collars are joined together by applying 
heat thereto, so as to form a short, narrow 
connecting tube. Although this known method may 
appear attractive from the aspect of manufacture, it 
has been found to" have several drawbacks. For 
instance, the glass is not uniformly distributed 
during the glass softening stage of the process, 
thereby giving rise to stress concentrations and to 
the risk of fracture. Furthermore, the narrow con- 
necting tube is liable to crack, both during manufac- 
ture and during use, not least when fitting the 
discharge tube, or envelope, onto its lamp fittings. 
The quality of the discharge tube is also impaired by 
the fact that the cross-sectional area of the 
connecting tube is much smaller than the cross-sec- 
tional area of the remainder of the discharge tube, 
which has a negative affect on the light emitting 
properties of the discharge tube. This is due to the 
fact that every constriction in the path of the gas 
discharge results in an increase in the total opera- 
ting voltage and therewith in greater losses in the 
discharge path. Since this increase in losses does 
not result in a corresponding increase in light flux, it 
will only impair the efficiency of the discharge tube. 
Moreover, the presence of constrictions in the 
discharge path results in a higher striking voltage, or 
starting voltage, which negatively affects the willing- 
ness of the discharge tube to ignite at low 
temperatures. In addition, the necessary cold zones 
are only produced at the outer end of the lamp 
incorporating such a discharge tube, which repre- 
sents a disadvantag , sine the gas discharge lamps 
must be capable of functioning irr spective of their 
orientation. For example, the temperature at which 
the optimal mercury vapour pressure is engendered 
may prevail at the location where the discharge tube 
is connected to the lamp base. 



One object of the present invention is therefore to 
overcome the aforesaid drawbacks inherent with 
5 known methods for producing compact gas dis- 
charge tubes and with discharge tubes produced in 
accordance therewith. Another object is to provide a 
method of tube manufacture which is simpler and 
therewith more economic than known methods. A 
10 further object of the invention is to enable the wall 
thickness of the glass tubes from which the compact 
discharge tubes, or lamps, are made to be reduced 
without affecting the strength of the discharge 
tubes. These and other objects of the invention 
15 together with advantages afforded thereby ar 
achieved with the method and the compact gas-dis- 
charge tube according to the invention having the 
characteristic features set forth in the following 
method and product claims, and will be evident irom 
20 the following description. 

The invention is based on the realization that the 
connection between U-shaped single tubes in a 
so-called multi-finger tube should also be given an 
essentially U-shape configuration and be connected 
25 directly to the straight limbs of the single tubes. A 
connection of this kind would overcome the 
aforementioned problems concerning illumination 
technique and mechanical strength. However, pres- 
ent day glass-blowing and glass-shaping techniques 
30 used for shaping the U-shaped bend in a single tube 
can not be used with multi-finger tubes, since in this 
case the space is restricted by the limb incorpora- 
ting the cathode. Furthermore, it is, of course, 
always more difficult to orient and fixate the tubes in 
35 two planes than in a single plane. This problem is 
solved in accordance with the invention by using as 
starting material single tubes which have been 
suitably bevelled, instead of starting manufacture 
from standard straight tubes in accordance with 
40 conventional techniques. This enables the glass 
tubes to be joined end to end while heating the glass 
and bending the tubes to an appropriate U-shape. 
without unnecessarily concentrating glass in certain 
parts of the bend or tube areas adjacent thereto. 
45 The invention will now be described in more detail 

with reference to the accompanying drawings, in 

which , , 

Figure 1 illustrates a glass tube blank from 
which a straight glass tube is formed for the 
50 production of a compact gas-discharge tube, or 

lamp, according to the inven tion ; 

Figure 2 is a side view of a U-shaped main 
tube component; 

Figure 3 is a side view of the lower part of the 
55 same main tube component, but turned through 

90° ; 

Figures 4-7 are side views which illustrate the 
various stages of joining two U-shaped main 
tube components togeth r; 
60 Figure 8 is a p rspective view of a completed 

four finger tube; 

Figure 9 illustrates the tube of Figure 8 fitted 
with a lamp base; 
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Figure 10 is a side view of a six finger gas 
discharge tube that has been produced in 
accordance with the invention; 

Figure 1 1 shows the tube of Figure 10 in plan 
view, and 

Figure 12 is a diagram which illustrates 
schematically the amount of glass present in 
the juncture between respective tubes, at 
different angles in the bevelled regions thereof. 
Similarly to known methods for producing com- 
pact gas-discharge tubes, the inventive compact 
tubes are produced from starting tubes in the form 
of long straight tubes 11 which have an outer 
diameter of 10-15 mm and a wall thickness of 0.9-1 .4 
mm. In accordance with the invention, it is preferred 
to use starting tubes which have an outer diameter 
of 12.0-12.5 mm and a wall thickness of 1.05-1.15 
mm. The original starting tubes have a length of 
from 1 to 2 metres and are cut into shorter tube 
blanks 12, which are intended to form U-shaped 
main components 13, 13' in the ultimate gas-dis- 
charge tube. The length of each tube blank 12 is 
determined by the desired size of the gas-discharge 
tube under production, and may vary widely, e.g. 
from 200 to 800 mm. As illustrated in Figure 1, the 
starting tubes 11 are cut alternately along lines 
which extend at right angles to the longitudinal axis 
18 of respective tubes and obliquely to said axis. The 
tubes are preferably sawn with the aid of thin cutting 
discs, so as to avoid unnecessary waste and to 
produce as smooth edges as possible. The tube 
blanks 12 are then formed into the U-shaped main 
components 13, 13' in a known manner and coated 
internally with a luminescent, fluorescent, sub- 
stance. The tube areas at the free ends 14, 15 of the 
tubes are then brushed clean of fluorescent sub- 
stance, so that said substance will not disturb 
subsequent treatment. The straight cut tube ends 14 
are then fitted with an electrode 16 and an exhaust 
tube 17. Only one of the main tube components 13, 
13' need be provided with an exhaust tube 17, which 
is used for evacuating the combined tube compo- 
nents 13, 13', for flushing the components with an 
inert gas and for filling the same with rare or noble 
gas. Subsequent to squeezing together the straight- 
cut tube end 14, the obliquely-cut tube end 15 will 
depend slightly below the tube end 14, as illustrated 
in Figure 3, therewith enabling the bevelled or 
obliquely-cut tube ends 15, 15' to be moved towards 
one another without being obstructed by the straight 
tube-ends 14, 14'. The alternate oblique cuts, or saw 
cuts, are made along a line which is inclined at an 
angle of from 20° to 50° to the longitudinal axis 18 of 
the respective starting tubes 11. Prior to shaping the 
tube blanks 12 into the main tube components 13, 
the tube blanks are positioned so that the longitudi- 
nal normal plane 20 of the end surface 19 extends 
essentially at right angles to the main plane of the 
main tube component 13, as in the drawing plane of 
Figure 1. 

When joining the main tube components 13, 13' 
together, the ends 15, 15' of respective components 
are first heated until the glass reaches its liquid limit. 
The end surfaces 19, 19' are then pressed together, 
as shown by the arrows in Figure 5, therewith 
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forming a collar of liquid giass around the joint, this 
collar being equalized by drawing the main tube 
components slightly away from one another in the 
manner illustrated in Figure 6. This also creates the 
5 provision of a suitable radius of curvature r for the 
connection 21. This formation of the juncture 
between the tube components Is facilitated when 
heat is applied during the whole duration of the 
process. The main tube components are then bent 

10 up towards each other, so that the connection or 
juncture 21 obtains a U-shaped configuration. 
During this final phase, a suitable gas is pumped in 
through the exhaust tube 17, so as to generate an 
over-pressure in the sealed glass tube, or envelope. 

15 In this way there is produced a pressure outwards in 
the actual bend 22, which sustains the circular 
cross-sectional shape of the bend, despite the 
known tendency of this cross-sectional area to 
diminish during a bending operation. Subsequent to 

20 evacuating the composite gas-discharge tube and 
filling the same with rare gas, in a conventional 
manner, the glass gas-discharge tube 23 can be 
fitted with a lamp base and therewith form a 
complete compact gas-discharge tube, or lamp. 

25 As beforementioned, a compact gas-discharge 
tube produced in accordance wfth the aforede- 
scribed method will possess a number of advant- 
ageous properties, which are contingent on the fact 
that the connection 21 has a sufficiently large 

30 cross-sectional area and Is not encumbered with 
pronounced irregularities or discontinuities. A suit- 
able balance between the requirement of lamp 
function and the possibility of producing the lamp, or 
tube, in a rational manner reveals that the inner 

35 cross-sectional area of the connection, or juncture, 
should not be less than 75 o/o of the free, internal 
cross-sectional area of the straight tube limbs 25, 
26, and that the overall glass thickness in said 
connection should not be less than 75 o/o of the 

40 glass thickness of 'said limbs. Thus, the connection 
should exhibit a continuous U-shape substantially 
free from variations in glass thickness or cross-sec- 
tional area. 

The quantity of glass present in the connection 21, 

45 and therewith the wall thickness of the connection, 
can be varied by appropriate selection of the angle of 
the oblique cut to the longitudinal axis 18 of the 
starting tubes 11. It will be seen from Figure 12 that 
the quantity of glass present In said connection 

50 becomes greater when the angle of bevel is 
decreased. In the Figure 12 illustration, W and W 
identify the glass wall of the tube components 13, 
13', and the hatched areas A indicate the amount of 
giass available for producing the actual bend 22. The 

55 most suitable bevel angle has been found to lie 
between 35-40°, which provides a compact gas-dis- 
charge tube having very good Illuminating proper- 
ties, from a technical aspect, and capable of being 
manufactured from thinner glass tube than those 

60 hitherto used in compact gas-discharge tubes of 
this kind, without impairing the mechanical strength 
of the tube. 

It will be understood that the inv ntion can be 
modifi d in many ways within the scope of the 
65 following claims. For xample, any selected number 
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of U-shaped main tube components can be joined 
together in the aforedescribed manner. A six-finger 
tube, or envelope, comprising three main tube 
components 13, 13', 13" is illustrated in Figures 10 
and 11. In this case the longitudinally extending 
normal planes 20 of the end surfaces 19 shall be 
oriented so as to extend outwardly from the major 
planes of respective main components at an angle of 
substantially 120°. 
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1. A method for producing a compact 
gas-discharge tube which comprises at least 
two U-shaped main tube components (13, 13') 
which are made of glass and which are joined 
together at one limb thereof in a manner to form 20 
a closed, continuous discharge chamber, which 

is provided with electrodes (16) at each outer 
end thereof and the inner glass surface of which 
is provided with a fluorescent layer, charac- 
terized in that the two U-shaped main tube 25 
components are joined together by joining one 
free limb-end (15) of one main component (13) 
to the end of a corresponding free limb-end 
(15') on another main component (13'); in that 
prior to joining said free limb-ends together said 30 
limb-ends are shaped to provide end surfaces 
(19, 19') which extend obliquely to the longitudi- 
nal axis (18) of respective limbs; and in that said 
limb-ends (15, 15') are joined together by 
heating the glass and bending the glass in the 35 
region of the connection so as to form a 
U-shaped connection (21) between the straight 
limbs (25,26). 

2. A method according to claim 1, charac- 
terized in that the free limb-ends (15, 15') to be 40 
joined together are shaped by cutting straight 
glass tubes (11) obliquely to the longitudinal 

axis (18) of the tubes; and in that the cut tube 
sections (12) are treated so as to form said 
U-shaped main tube components prior to 45 
joining said components together. 

3. A method according to claim 1 or 2, 
characterized in that the free limb-ends are 
shaped so that the end surfaces (19, 19') 
thereof extend at an angle of 20° -50° (a) to the 50 
longitudinal axis (18) of the limbs. 

4. A method according to claim 3, charac- 
terized in that said end surfaces (19, 19') extend 
at an angle of 35° -40° (a) to said longitudinal 

axis (18). 55 

5. A method according to any of the preced- 
ing claims, characterized in that the main tube 
components (13, 13') are joined together by 
heating the obliquely cut free limb-ends (15, 

15') and bringing said ends into planar contact 60 
with one another such as to fuse one with the 
other; in that the main tube components (13. 
13') are drawn slightly away from one another in 
a manner to equalize the glass thickness and to 
produce a curved connection (21) of suitable 65 



curvature radius (r); and in that the limbs are 
bent towards one another while applying heat to 
the connection (21); and in that a region of 
overpressure is created in the limbs and the 
connection for the purpose of further equalizing 
the glass material and forming the connection 
so that it is substantially devoid of any disconti- 
nuities. 

6. A method according to any of the preced- 
ing claims, characterized in that prior to 
bending the tube sections (12) to form said 
U-shaped main tube components, the obliquely 
cut limb-ends (15) of respective tube sections 
(12) are oriented so that the longitudinally 
extending normal planes (20) of respective end 
surfaces (19) of said limb-ends extend substan- 
tially at right angles to the main plane of 
respective main tube components. 

7. A method according to any of claims 1-5, 
characterized in that prior to bending the tub 
sections (12) to form said U-shaped main tube 
components the obliquely cut limb-ends (15) of 
respective tube sections (12) are oriented so 
that the longitudinally extending normal plane 
(20) of the end surfaces (19) of respective 
limb-ends extend outwards from the main plan 
of respective main tube components at an angle 
of substantially 120°. 

8. A compact gas-discharge tube comprising 
at least two U-shaped main tube components 
(13, 13') which are made of glass and which are 
joined together at one limb (26), in a manner to 
form a closed discharge chamber, which is 
provided with electrodes (16) at each outer end 
and which has a layer of fluorescent substance 
on the inner glass surface thereof, charac- 
terized in that the main tube components (13, 
13') are connected together through a 
U-shaped connection (21) which is formed by 
processing the limb-ends (15. 15') of the main 
tube components; in that the internal, free 
cross-sectional area of the connection (21) is 
equal to at least 50 0/o of the free, int rnal 
cross-sectional area of the limbs (25, 26); and in 
that the overall glass thickness in the connec- 
tion is at least 50 <Yo of the glass thickness of 
the limbs. 

9. A tube according to claim 8, characterized 
in that said limit values relating to free cross- 
sectional area and glass thickness reach 75 <>/o. 

10. A tube according to claim 8 or 9, 
characterized in that the connection (21) xhi- 
bits a continuous U-configuration, essentially 
without variations in glass thickness or cross- 
sectional area. 
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© A compact gas discharge tube and a method for its manufacture. 



© A method for producing a compact gas-dis- 
charge tube, or lamp, comprising at least two U- 
shaped main tube components (13, 13') made of 
glass. The tube components are joined together at 
one limb in a manner to form a closed, continuous 
discharge chamber provided with electrodes at each 
outer end thereof and provided with a layer of flu- 
orescent substance on the inner glass surface there- 
of. The main tube components are joined together 
by heating an obliquely cut, free limb-end (15) of 
one main tube component (13) and joining this heat- 
ed end to a corresponding, heated end (15') of a 
further main tube component (13'). The resultant 
connection (31) is formed while applying heat and is 
bent in a manner such as to have a U-shaped 
configuration, substantially devoid of discontinuities. 
The invention also relates to a compact gas-dis- 
charge tube of this kind in which the free, interal 
cross-sectional area of the connection (21 ) is at least 
50 % of the corresponding area of the limbs, and in 
which the glass thickness of the connection is at 
least equal to 50 % of the glass thickness of the 
limbs. 
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